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Purpose: Bariatric and metabolic surgery is increasing in Asia to address the growing obesity epidemic.
Literature is scarce regarding this surgery in vegetarian patients. We aim to survey surgeons regarding
their practices and experiences with the vegetarian population.
Materials and methods: The regional bariatric and metabolic surgery society distributed a multi-national
electronic questionnaire to surgeon members. The questionnaire was in the English and Chinese
languages.
Results: Fifty-six bariatric and metabolic surgeons responded to the questionnaire (response rate 40.6%).
Twenty-two respondents (48.9%) have vegetarian patients in their case volume. Patients mostly consume
a vegetarian diet for religious (66.7%) and health (66.7%) reasons. More than 60% of surgeons are unsure
of micronutrient deficiency status amongst these patients. Over half of the respondents (58.8%) reported
that their vegetarian patients do not take multivitamins or vitamin supplements. Significant proportions
of respondents (44.4e61.1%) were unsure of the iron, vitamin B12, vitamin D, zinc, and folic acid defi-
ciency status of these patients. Only 38.9% of respondents routinely prescribe multivitamin
supplementation.
Conclusions: Vegetarian bariatric patients in East and South-East Asia are an under-recognized patient
cohort at risk of micronutrient deficiencies. There is a knowledge gap among regional surgeons in long-
term nutritional assessment and management.
© 2020 Asian Surgical Association and Taiwan Robotic Surgery Association. Publishing services by
Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).1. Introduction
The prevalence of obesity continues to increase internationally,
with nearly a third of the world’s population now classified as
overweight or obese.1 Increasing urbanization over the past two
decades has promoted a sedentary lifestyle and overnutrition,
which has fueled the prevalence of obesity in Asia. Previously
considered a problem of Western countries, Asia now has a non-
alcoholic fatty liver disease (NAFLD) prevalence of around 25%.2
Associated conditions such as type 2-diabetes mellitus,rince of Wales Hospital, The
treet, Shatin, New Territories,
.K.-W. Ng).
an Robotic Surgery Association. Pu
c-nd/4.0/).cardiovascular disease, and obstructive sleep apnea contribute to a
significant burden of obesity-related morbidity and mortality.
Bariatric and metabolic surgery results in long-termweight loss,
improvements in diabetes mellitus and other obesity-associated co-
morbidities, and decreased overall mortality.3,4 Taiwan performed
the first bariatric surgery in Asia in 1981, with many countries in the
region soon following.5 It has been reassuring the see the significant
results in studies with mainly Caucasian populations broadly re-
flected in the regional literature with Asian patients.5,6 However,
differences remain, including Asians being more prone to develop
diabetes mellitus with the same body mass index (BMI) values as
Caucasian patients. Regional consensus for a lower BMI threshold by
3 kg/m2 for the indication of bariatric surgery has existed since
2005.5 Regional access to bariatric surgery has also shown steady
progress through governmental and social support.7,8blishing services by Elsevier B.V. This is an open access article under the CC BY-NC-
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tarian diet will have a reduced risk of cardiovascular disease and
obesity due to a low intake of saturated fat and a high intake of
vegetables, fruits, and soy products.9 However, recent South Asian
evidence suggests vegetarian dietary patterns are associated with
an increased incidence of morbid obesity due to refined and pro-
cessed food consumption.10 Deficiencies in vitamin B12 and other
micronutrients resulting in anemia are well recognized and re-
ported in up to 80% of Vegans in Hong Kong (China) and India.11,12
This population is also unlikely to consume supplements or forti-
fied foods.
Literature is scarce among vegetarian bariatric surgery patients
in the Asian region. We aim to survey surgeons regarding their
practices and experiences with the vegetarian population.2. Methods
The Asia Pacific Metabolic and Bariatric Surgery Society
(APMBSS) initiated a multi-national electronic questionnaire to
investigate the prevalence of vegetarianism in bariatric and meta-
bolic surgery patients. The society distributed the online ques-
tionnaire in January 2019 to the Asian region bariatric and
metabolic surgeons. The 20-question survey (Appendix 1)
comprised of two parts: A - General information of the re-
spondent’s practice, and B e Demographics of the vegetarian
population of respondent’s practice. Questions had a range of
possible answers, with the option to provide additional comments
and answers.
Patients with a vegetarian diet were in four categories. Type 1 -
vegan, abstains from eating any animal products. Type 2 - lacto-
vegetarian, abstains from any animal products except dairy prod-
ucts. Type 3 e ovo-vegetarian, abstains from animal products
except for eggs. Type 4 e lacto-ovo-vegetarian, socially referred to
as vegetarian, those that do not eat animal flesh/meat but still
consume dairy and eggs.
The inclusion criteria were full-members, surgeons of APMBSS.
Exclusion criteria were declining the invitation to participate in the
survey and surveys with incomplete data. To improve the response
rate, the questionnaire was in the English and Chinese languages.
All respondents and facilities were de-identified. Apart from dis-
tribution and explaining the purpose of the questionnaire, APMBSS
made no comment or expression of any opinion that might influ-
ence respondents. Responses were tabulated and presented in the
form of the number of respondents (percentage of responses forFig. 1. Types of vegetarian patients.that question). The response rate was calculated as the number of
respondents/number of eligible respondents.
3. Results
Fifty-six surgeons participated in the questionnaire. At the time
of distribution, APMBSS had 138 eligible surgeon members. This
provided a response rate of 40.6%. Ten incomplete surveys with
insufficient data were excluded.
3.1. Characteristics of respondents
The majority of respondents (36, 80%) worked at a public hos-
pital facility and nine (20%) from a private hospital facility. The
distribution of respondents was 21 (46.7%) from China, 15 (33.3%)
from Hong Kong (China), three (6.6%) from Japan, two (4.4%) from
Taiwan, and one (2.2%) each from Korea, Malaysia, Singapore and
Brunei. There were no respondents from Indonesia, Iran, India,
Philippines, or Thailand.
Twenty-six respondents (57.8%) had a high case volume practice
of >100 cases annually. Of those, 15 (33.3%) had 101-200 cases
annually. Four surgeons (8.9%) reported a case volume of >501
annually. Nineteen respondents (42.2%) had a case volume of 100
cases annually.
3.2. Characteristics of vegetarian patients
Almost half of the respondents (22, 48.9%) noticed vegetarian
patients (all types) in their case volume. The majority of re-
spondents (38, 84%) noted a vegetarian prevalence of 0.1e5%. Only
three respondents (6.7%) from China2 and Hong Kong SAR1 re-
ported a vegetarian prevalence of 5.1e10% in their case volume.
Twenty-three respondents (51.1%) reported there to be no vege-
tarian patients within their cases.
More respondents (30, 66.7%) identified vegetarian patients
were more likely female. Twenty (44.4%) respondents estimated
the female proportion to be 76e100%. Respondents estimated the
makeup of vegetarian patients to be mainly Type 4 e Lacto-Ovo-
Vegetarian (13, 37.1%), followed by both Type 1 e Vegan and Type
2 e Lacto-Vegetarian (8, 22.8% each) and Type 3 e Ovo-Vegetarian
(7, 20.1%) (Fig. 1).
Patients mainly consumed a vegetarian (any type) for religious
and or health (20, 66.7%) reasons. Other reasons included ethical (3,
10%) and environmental (2, 6.7%) concerns. Respondents reported a
range of average duration that patients had consumed a vegetarian
diet, from 0-1 year (3, 17.6%), 1e5 years (6, 35.3%), 5e10 years (3,
17.6%) to >10 years (1, 5.8%). Some respondents (4, 23.5%) were
unsure of the average duration. The majority (13, 76.5%) reported
patients would continue their vegetarian diet post-operatively.
3.3. Vitamin and mineral deficiencies and supplementation
Almost 60% (n ¼ 10) of respondents were unsure of the micro-
nutrient deficiency status among their vegetarian population. The
majority of respondents (8, 53.3%) reported their vegetarian pa-
tients either did not consume multivitamins/vitamin supplements
or that they were unsure of the supplement status. Of those re-
spondents (7, 41.2%) that reported dietary supplementation, it was
at 50e80% of patients. Of the 17.6% (n ¼ 3) of respondents that
noted mineral deficiency, a range of Iron (10e50%) and Folic acid
(5e60%) deficiency was noted. Respondents were unsure of Iron (8,
47.1%), Vitamin B12 (10, 58.8%), Vitamin D (10, 58.8%), Zinc (11,
64.7%) and Folic acid (10, 58.8%) deficiency status of these patients
(Fig. 2). Only 38.9% of respondents routinely prescribemultivitamin
supplementation.
Fig. 2. Preoperative micronutrient deficiency.
D.L. Chan et al. / Asian Journal of Surgery 44 (2021) 303e306 3054. Discussion
The worldwide prevalence of obesity nearly tripled between
1975 and 2016, fueled by trends of sedentary lifestyle and over-
nutrition in urban society.1 With the economic and social devel-
opment in Asia in the past decades, the prevalence of obesity in Asia
has risen to a high level. It is estimated about 1 billion people in Asia
and the Pacific are overweight or obese, with corresponding in-
creases in obesity-associated co-morbidities.2 Vegetarian diets are
prevalent among Asian countries due to various religious and cul-
tural reasons. Conventionally considered healthy diets, a cohort
study of 235 Asian Indian patients has discredited this myth, with
findings of increased refined and processed food consumption.10 All
types of vegetarian diets are associated with micronutrient de-
ficiencies. The compounding risk of a vegetarian diet in bariatric
surgery candidates, the East and South-East Asian surgeon expe-
rience, and specific micronutrients are discussed.
Although the risk of micronutrient deficiencies following bar-
iatric and metabolic surgery is well recognized, the prevalence of
preoperative deficiencies are less so.13,14 A cross-sectional study of
nutritional deficiencies among candidates for bariatric and meta-
bolic surgery with NAFLD, noted below dietary reference intake
recommendations for iron, calcium, folic acid, vitamin B12, and
vitamin B1 in (14e58%) of patients.15 Serum vitamin D deficiency
was found in 22% of this cohort. A Chilean cohort study of 103
preoperative bariatric patients had prevalent deficiencies in iron
(12.6%), ferritin (8.7%), calcium (3.3%), and zinc (2.9%).16 Another
review noted, preoperative bariatric surgery candidates had serum
deficiencies in vitamin B1 (15e29%), vitamin B12 (10e13%), and
iron (9e16%).17 It is reasonable to assume in a patient cohort with
the combination of a vegetarian diet and morbid obesity indicating
bariatric surgery would exacerbate poor dietary micronutrient
intake and resulting serum deficiencies.
There is a paucity of literature concerning the vegetarian bar-
iatric population in Asia. There is a risk of overlooking this at-risk
population is real. Though rare, mortality from severe protein
malnutrition and resulting in liver failure in a vegetarian patient
has been reported.18 Our survey reflects the current experience of
bariatric surgeons in the East and South-East Asian regions. About
half (48.9%) of surgeons reported being aware of vegetarian pa-
tients in their bariatric case volume. Furthermore, only a minority
of surgeons (38.9%) reported the routine prescription of multivi-
tamin supplements for this patient cohort. Our study shows sub-
optimal awareness of micronutrient and mineral deficiencies in
vegetarian bariatric patients among Asian surgeons (Fig. 2). Con-
sumption of a vegetarian diet should be elicited initial assessment
for bariatric surgery in countries where this is prevalent. Preoper-
ative and postoperative investigation for deficiencies and appro-
priate supplementation in imperative for this at-risk patient group.Vitamin B12 is a water-soluble vitamin naturally found in ani-
mal products such as fish, poultry, meat, eggs, milk, and dairy
products and is not present in plant food. Therefore, vegetarians are
of high risk of having vitamin B12 deficiency. A systematic review of
the prevalence of vitamin B12 deficiency among vegetarians using
serum levels found that vitamin B12 deficiency was noted in up to
86.5% of vegan patients.19 Of note, the one study reporting 0%
deficiency rate was in vegan subjects consuming vitamin B12-
fortified foods. The combined prevalence of vitamin B12 defi-
ciency for lacto-vegetarians, ovo-vegetarians, lacto-ovo-
vegetarians, and vegans was reported as up to 81% in this same
review. These results show that vitamin B12 deficiency is common
in vegetarians but improves with dietary supplementation.
Iron deficiency affects an estimated 2 billion people worldwide
and is a leading risk factor of morbidity and mortality.20 Vegetar-
ians are also at risk of iron deficiency given their lower total dietary
intake of iron and the lower bioavailability of iron from plant food.
A retrospective review on iron status and dietary iron intake in
vegetarians showed that female vegetarians, female vegans, and
male vegans have lower serum ferritin levels and high transferrin
levels, meaning lower iron storage than subjects taking normal
diet.21 Additionally, obese patients frequently have iron deficiency,
which bariatric surgery exacerbates. A systematic review of iron
deficiency anaemia following sleeve gastrectomy and gastric
bypass found the prevalence was 15.2% preoperatively and 16.6%
postoperatively.22 Another cross-sectional study of vegetarian
bariatric surgery patients in Israel found no significant differences
in nutritional deficiencies. Preoperative use of vitamin B12 and iron
supplementation was at much higher rates among vegetarian pa-
tients than omnivores (57.1 vs. 6.7%, p < 0.001 and 23.8 vs. 6.7%,
P ¼ 0.015, respectively).23 In addition to prescribed supplementa-
tion, plants bio-fortified in iron and plant ferritin continues to
develop as a non-animal iron sources.24,25
Zinc is present in a variety of plant and animal food including
red meat, shellfish, legumes, seeds, and whole grains. However, the
bioavailability of zinc from plant food is lower due to the presence
of phytic acid in legumes, nuts, and seeds, which inhibits zinc ab-
sorption.26 A review in Switzerland has shown that zinc deficiency
is more prevalent in vegan and vegetarian subjects. In a study of
vegetarian and vegan adults in Switzerland, zinc deficiency prev-
alence was noted in 18.9% of vegetarians and 47.2% of vegans.27
Unfortunately, from the result of this survey, the awareness of
micronutrient deficiency in vegetarian patients is low amongst
Asian surgeons. More than 60% of respondents unsure of their
vegetarian patients had micronutrient deficiency before surgery
and the majority of patients do not have supplements after the
surgery. Although we do not have information on the type of pro-
cedures these vegetarian patients undertook, micronutrient sup-
plements should be recommended in all bariatric patients. As the
procedural trend amongst these patients should reflect the broader
Asian experience, the majority of procedures performed are likely
laparoscopic sleeve gastrectomy and gastric bypass.28 The preferred
operation for vegetarian patients was not specifically addressed in
the questionnaire. Whether patient dietary preference changed the
surgeons’ choice of operation towards restrictive, rather than
malabsorptive surgery is unknown. Additionally, the awareness of
micronutrient deficiency in non-vegetarian patients was not
addressed, which is a potential bias of the study.
The subjective nature of the questionnaire and responses based
on surgeons’ experience rather than direct patient data and serum
micronutrient levels is a limitation. This study represents the per-
spectives of surgeons, rather than patient experience. Moreover,
lack of respondent from India, Indonesia, Iran, and Malaysia where
the vegetarian population is high, which make this study mainly
represent East-Asian population, rather than the entire
D.L. Chan et al. / Asian Journal of Surgery 44 (2021) 303e306306AsiaePacific region. However, APMBSS supported and distributed
this questionnaire and with a high response rate (40.6%), this
captures the regional surgeon experience. This supports the
development of the literature on Asian vegetarian bariatric
patients.
5. Conclusion
Despite the compounded risk of vegetarian bariatric surgery
patients, current literature on micronutrient deficiency in this
cohort is scarce, particularly in East and South-East Asian. There a
knowledge gap among regional surgeons in long-term nutritional
assessment and management.
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